International Journal of Mechanical and Production 
Engineering Research and Development (UMPERD) 

ISSN (P): 2249-6890; ISSN (E); 2249-8001 
Vol. 8, Issue 4, Aug 2018, 357-370 
© TJPRC Pvt. Ltd. 

REVIEW OF VARIOUS FEEDSTOCKS USED AND THE OPERATING 
CONDITIONS FOR BIODIESEL PRODUCTION 
C. R. GIRISH 

Department ofChemical Engineering, Manipal Institute of Technology, Manipal Academy of 
Higher Education, Manipal, Karncitaka, India 

ABSTRACT 

The energy crisis has become an important global issue because of the depletion of non-renewable fossil fuels. 
Therefore there is a need to explore alternative sources to solve the energy security problem. Different sources are 
available for energy production among which biodiesel is considered to be effective for reducing the dependency on 
fossil fuels. Biodiesel production causes less adverse impacts on the environment compared to petroldiesel and even the 
fuel properties are superior. Transesterification reaction was employed for producing biodiesel from various feed -stocks 
such as edible oil, non-edible oils, animal fats and used cooking oil etc. Thus, the present study investigates the various 
precursor materials used for biodiesel production. It also reviews the types of catalysts used and the effect of operating 
conditions on the transesterification reaction. 
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INTRODUCTION 

Due to the increase in population and improvement in the technology, there exists an enormous 
requirement of energy to the society in the recent time [1]. But because of the extensive use of fossil fuels for the 
energy production, these non-renewable sources will be exhausted in the near future [2]. At the same time, the 
prices of these fossil fuels like oil and gas are increasing at a rapid rate [3]. The use of these resources causes 
harmful effects on the environment such as global warming, the release of greenhouse gases and air pollutants [4, 
5]. Also, the environmental agencies have laid strict regulations for reducing the pollution from the production of 
these fuels. [3]Thus it is required to search for an alternative source of energy to fulfill the needs of the mankind 
[2, 3]. The energy can be produced from different sources like geothermal, wind, solar and hydroelectric source 
[3]. The biofuel is considered to be most promising as an alternative to fossil fuel [6]. 

Biodiesel can be produced from various sources such as edible vegetable oils, non-edible oils, animal fats 
and other sources like used oil, grease etc [7]. In some of the developing countries which face a shortage of food 
supply, instead of edible oil low-cost feed stocks are preferred [8]. The advantage of vegetable oil is that it can be 
blended with petrol -diesel and used as fuel in ignition engines. The exhaust emission from the ignition engine 
contains the lower proportion of carbon dioxide, carbon monoxide and other toxic pollutants [3]. It was also 
investigated that vegetable oil has high viscosity and using them as fuel results in engine problems. Therefore the 
viscosity can be reduced by subjecting it to transesterification reaction to produce biodiesel [7]. The biodiesel has 
various benefits over petro diesel and it has the following significant features. It is renewable in nature, reduces the 
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emission of greenhouse gases, minimizes air pollution, non-toxic in nature, environmentally friendly, biodegradable [6, 9, 
10, 11]. The fuel has chemical characteristics like high flash point, high cetane number, the absence of sulfur and aromatic 
compounds and it can be mixed with petro diesel in any proportions [9]. The production of biodiesel helps the society in 
creating the sufficient number of jobs in the regions where lesser economic activities happen [12]. It also encourages the 
entrepreneurs in various countries to invest in the technologies related to biodiesel production [13]. Thus the current paper 
examines the production of biodiesel from different feed stocks. It also reviews and summarizes the catalysts used, 
operating conditions, the yield obtained in the transesterification reaction. 

TRANSESTERIFICATION REACTION 

Various methods such as thermal cracking, dilution, catalytic cracking, and transesterification are used for the 
production of biodiesel from different feedstock [7]. Transesterification can be considered as an economically feasible 
method and yield obtained is higher. 

In the transesterification reaction, the triglyceride molecules in the oil combined with an alcohol in the presence of 
a catalyst to form biodiesel (fatty acid esters) and glycerol. Basically, the viscosity of the oil is reduced and one ester of 
one type is converted to another type of ester [9, 14]. The reaction can be represented in the following manner 

, „ catalyst 

RCOOR + R OH <-> RCOOR + R OH (1) 

Oil Alcohol Ester Glycerol 

The biodiesel is obtained as the lighter layer at the top and the glycerol formed as the bottom layer is generally 
used for preparing soap and other related cosmetic products [12]. 

VARIOUS FEEDSTOCKS USED 

The biodiesel can be classified into three types such as first generation, second generation, and third generation 
biodiesel. It is mainly based on the feedstock. i.e.a source of feedstock, its use, availability, properties, amount of free fatty 
acids present and purity of the product obtained. 

The first generation biodiesel is obtained edible oils whose fatty acids content is generally less than 1.5% [15]. 
The edible oil sources are soybean, palm oil, canola, peanut oil, coconut, sunflower, rapeseed oil, groundnut, corn, barley 
etc. [16, 17]. The production of biodiesel depends on the cost of feed oil. The first generation biodiesel is mainly produced 
from edible oils. 95% of the total biodiesel produced is from edible oils [18, 19]. It has the benefits that the feed oil is 
available abundantly and it can be easily and efficiently converted to biodiesel. By depending largely on these edible 
sources, it leads to the problems such as competition for fertile land which is used for agriculture, the necessity of water 
and fertilizer, the food chain is threatened, shortage of food supply, land use change, GHG footprint, deforestation, and 
economic stability [18,19]. 

The second generation biodiesel are obtained from the sources such as non-edible crops, used cooking oils or 
waste animal fats such as pork lard, beef tallow, poultry fat and fish oil [20]. They have free fatty acids content of less than 
4%. [15] It reduces the dependency on food crops as compared to production from edible oils. The non-edible oil is 
cheaper compared to edible oils [21]. The non-edible crops may be grown on any wastelands, no requirement of 
agricultural land, water sources, and fertilizers. It facilitates to solve the problem of treating, recycling and disposing of oil 
waste. The process also helps in preventing blockages in drainage systems and thus minimizes water pollution [15, 16]. 


Impact Factor (JCC): 7.6197 


SCOPUS Indexed Journal 


NAAS Rating: 3.11 



Review of Various Feed Stocks itsed and the Operating 
Conditions for Biodiesel Production 


359 


The non-edible crops are not suited for human consumption because they may contain some toxic compounds 
[20]. If the free fatty acid is more than 2.5%, it may result in the formation of soap during the reaction. Thus the emulsion 
formed during the reaction will make the separation of glycerol and biodiesel difficult. Therefore the oil has to undergo 
pretreatment process before transesterification reaction [15]. The biodiesel produced is of lower quality compared to the 
fuel produced from edible oils. It is difficult to handle the fuel,- because it converts into solid at room temperature [20]. 
The commonly used non-edible oils are from sources such as Jatropha curcas, Pongamiapinnata, Moringaoleifera, 
Calophylluminophyllum, Castor oil, Neem, sea mango, Yellow oleander, Mahua and Rubber [21]. The final biodiesel 
produced is portable, easily available, having high heat content, containing lower sulfur and aromatic content and 
biodegradable. But at the same time, it has drawbacks that fuel has high viscosity and volatility and also high cost. The fuel 
produced meets the standard ASTM quality and prescribed emission characteristics [18]. 

The sources waste oily streams from the refineries, waste grease (yellow grease and brown grease) have free fatty 
acids higher than 4%. The fuel obtained from these low-cost sources are generally known as third generation biodiesel [15, 
20]. It does not require any land or water usage and is an effective method for disposing of the oil waste. Since they have 
high fatty acid content, these wastes are subjected to purification, filtration, pre-esterification, transesterification [20], then 
and then the viscosity of the oil can be reduced considerably by mixing with diesel oil [17]. 

CATALYSTS USED FOR TRANSESTERIFICATION REACTION 

The different types of a catalyst like alkaline and acid catalyst are used for carrying out transesterification 
reaction. Also homogenous and heterogeneous catalyst is also important in deciding the biodiesel conversion. The 
advantages and drawbacks of various catalyst, its features and its significant influence in the transesterification reaction are 
discussed below. 

Alkali Catalyst 

The process employing alkaline catalyst is considered as effective because there is no corrosion, the reaction 
occurs faster at a low temperature, the time needed for the reaction is less [22, 23]. They have reaction rates 4000 times 
faster when compared to the acid catalyst. It is generally suitable in the commercial applications [16]. 

It has the disadvantages such as because of the presence of free fatty acid and water in the feed, there may be a 
possibility of soap formation and thus it makes the separation process difficult. Due to this the catalyst activity decreases 
and the yield of biodiesel reduces [18, 19, 22, 23]. The washing process requires a lot of energy, recovering glycerol may 
be difficult [3, 23]. The alkali catalysts used are sodium hydroxide, sodium methoxide, and potassium methoxide. 

Acid Catalyst 

The acid based transesterification process was carried out using the mineral acids such as sulfuric acid, 
hydrochloric acid or phosphoric acid. The process has high yield, low reaction rate, causes corrosion, may damage the 
process equipment and raises environmental issues. The process is advisable if the oil mixture contains higher fatty acids 
and water content generally non-edible oils [3, 19, 23]. For a feed containing higher free fatty acids content, the process is 
generally used as the preliminary step for converting fatty acids to esters. By improving the operating conditions such as 
the ratio of alcohol to oil, temperature, reaction time, catalyst concentration the yield can be increased [22, 3, 18]. 

Since the process requires a large amount of alcohol, the size of the process column needed is large [22]. The 
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system requires high alcohol to triglyceride content in the feed mixture [16]. 

Homogeneous and Heterogeneous Catalyst 

The catalyst is homogeneous in nature when the catalyst is present in the liquid phase and is same as that of 
reactants of the transesterification process. The catalyst is considered as heterogeneous if the catalyst appears in a solid, 
immiscible liquid or gaseous phase which is not similar to the feed mixture [19]. 

Homogeneous catalysts are very simple to use, needs lesser time for the process completion and can be operated 
in low severe operating conditions [18]. It has drawbacks such as reusing of the catalyst is not possible, the process 
consumes a lot of energy, washing, and separation of the two phases is costly and difficult, it produces a lower grade 
glycerol and the time required is more [3, 19, 24]. By using heterogeneous catalyst the process produces a large quantity of 
wastewater [18]. The homogeneous catalysts generally include sulfuric acid, hydrochloric acid, phosphoric acid, sodium 
hydroxide, potassium hydroxide and potassium methoxide. 

Heterogeneous catalyst does not dissolve in the feed mixture and thus separation can be done easily and reused 
[3]. It has features that after the transesterification step the two phases can be easily separated, purification is easier, 
catalyst, can be reused, the process becomes cheaper, soap is not formed and environmentally friendly process. It also has 
the advantages that the process results in high yield of biodiesel, high purity glycerol, and cost of the catalyst decreases. 
The process can be carried out at high severe operating conditions [3, 19]. The catalyst can be used for a long time and can 
be disposed of easily [16]. By using these catalysts the reaction becomes slower and the three-phase mixture of oil- 
alcohol-catalyst is formed which has the poor mass transfer. Therefore another solvent has to be added to increase the 
mass transfer and diffusion in the reaction system [16, 22]. The activity of the catalyst depends on various operating 
conditions temperature, the quantity of the catalyst, reaction time, degree of mixing and feedstock [24]. Commonly used 
heterogeneous catalysts are metal oxides, zeolite, AI 2 O 3 , BaO, SrO, CaO, MgO [3]. 

THE INFLUENCE OF OPERATING CONDITIONS ON THE 
TRANSESTERIFICATION REACTION 

The factors which influence the production and yield of biodiesel in the transesterification reaction are mainly the 
molar ratio of alcohol to feed oil, system temperature, catalyst concentration and reaction time. 

The Effect of Alcohol to Oil Ratio on the Transesterification 

The increase in the alcohol to oil ratio enhances the solubility of the catalyst, converts triglycerides to 
monoglycerides, the reaction progresses and the yield of biodiesel increases [25, 26]. It was reported that large quantity of 
alcohol is required for the reaction system having acid catalyst whereas a little amount of alcohol is sufficient for the 
system using alkaline catalyst [27]. When the alcohol to oil ratio increases generally over 15:1, one of the byproducts of 
the reaction glycerol dissolve in the excess alcohol and inhibits the transesterification reaction and thus reduces the yield 
[28, 29]. At alcohol to oil ratio of 1:3 which is lower than the stoichiometric ratio, the alcohol vaporizes continuously and 
the biodiesel conversion may be affected [4, 30]. 

The Influence of Temperature on Transesterification 

It was studied that with the increase in temperature the reaction rate increases for an endothermic reaction and 
hence the higher biodiesel yield is obtained [25, 30]. This is due to the reason that by increasing temperature, the kinetic 
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energy of the reactants in the system increases and mass transfer among the reactants and the catalyst increases [31]. Also, 
the viscosity of the oil decreases and leads to proper mixing of oil and alcohol and promotes the reaction. (0879) At higher 
temperatures above 60°C, methanol may be lost, catalytic activity decreases and solubility problems and results in the 
decrease in yield [30, 31]. 

The Effect of Catalyst Concentration and Time on the Process 

The catalyst concentration plays a vital role in the transesterification process. By increasing the catalyst 
concentration from 1 to 3% in the feed mixture, the biodiesel yield increases [30]. The catalyst has active sites which are 
useful for the interaction of the reactants in the system and the biodiesel yield increases [31]. It was also reported that with 
the excess use of the catalyst, emulsion formation takes place and viscosity of the oil increases, therefore the yield of 
biodiesel decreases [7]. As the reaction time increases, there is an increase in the biodiesel yield. This is due to the fact that 
with the increase in reaction time, the sufficient energy is achieved in the system which will shift the reaction towards 
biodiesel production [32]. 

From the available literature, it was studied that different works are carried out for the production of biodiesel. 
The works describe the various feedstocks used for the biodiesel production. It explains the different catalysts used and the 
various operating conditions maintained for the production process. The summarization of all the parameters like feed - 
stocks used, catalysts used, type of esterification process, the operating conditions like the ratio of methanol to oil, the 
percentage of catalyst, operating temperature, reaction time and percentage yield are listed in Tablel. The interesting 
findings from the recent literature such as the advantage of using heterogeneous catalyst, the excess ratio of methanol used 
in the feed mixture, the influence of excess of oil present in the feed, the other possible solvents that can be used and other 
issues of commercializing of the process and finding low cost feedstocks are discussed below. 

It was reported by Kansedo et al. that biodiesel yield from sea mango oil by using homogeneous catalyst sodium 
hydroxide was only 8.3%. But using by using heterogeneous catalyst montmorilonite and sulfated zirconia alumina the 
yield was above 48.3 and 83.8% respectively. The authors have explained that excess free fatty acids present in the oil can 
react with homogeneous catalyst and leads to the formation of soap and reduce the yield of biodiesel. But the 
heterogeneous catalyst has more active sites which facilitate transesterification process and enhances the yield [33]. 
Turbonillastriatula shells waste was reused for the heterogeneous catalyst preparation. The waste contained a higher 
percentage of CaO which was beneficial for the transesterification process [34]. The feasibility and activity of the catalyst 
were studied by reusing the catalyst again and again in the transesterification reaction. The authors observed that the 
activity of the catalyst decreased and biodiesel yield decreased considerably after 12 reaction cycles. This was because of 
the reason that surface structure of the catalyst changes and the calcium oxide gets converted into calcium hydroxide 
because of the moisture content present in the reactants. It was also reported that the activity can be obtained back by 
subjecting to calcination in the presence of air at a higher temperature [35]. 

The paper by Suryaputra et al. reported that the heterogeneous catalyst has the benefits that it can be reused and it 
is stable in nature. This was tested by conducting three cycles of transesterification reaction [36]. Boro et al. explored from 
the reusability experiments that the decrease in activity of the barium doped CaO catalyst takes place. It was because of the 
reason that active sites are lost during the reaction and the product gets deposited on the surface of the catalyst [31]. The 
catalyst from eggshells was prepared by subjecting the waste shells to calcination, hydration and dehydration steps. It was 
found that the prepared catalyst had high activity because of the presence of calcium carbonate in the waste shells [37]. The 
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calcium oxide produced from different feedstocks as a catalyst has various applications in the transesterification process. 
The catalyst is less soluble in biodiesel and methanol, noncorrosive in nature, can be recycled and it is environmentally 
favorable. By employing this catalyst the generation of wastewater can be reduced and the process becomes cheaper [38]. 
Endut et al. reported that using heterogeneous catalyst wastewater produced can be minimized and separating the catalyst 
from the biodiesel are easier [39]. 

The heterogeneous catalyst from eggshell ash was reused more than ten times for transesterification reaction and 
it was proved that by reusing the catalyst the overall cost of the process can be brought down [40]. The potential of 
Pomacea sp. shell derived CaO as the heterogeneous catalyst was investigated by Margaretha et al. The catalyst has the 
properties that it is highly alkaline, cheaper compared to other catalysts, easy to handle, reusable and stable when used for 
the large scale production [2]. It was reported that mass transfer is limited in the systems having a heterogeneous catalyst, 
thus the large quantity of methanol is used for the transesterification reaction. The authors studied that using an excess of 
methanol results in difficulties in recovering of biodiesel and also the process increases [4]. 

A new catalyst namely chlorosulfonic acid was used for the biodiesel production. It has the advantage that both 
the esterification and transesterification reactions are catalyzed by chlorosulfonic acid. It also minimizes the inhibition in 
the esterification due to the water formed during the reaction and enhances the kinetics of the reaction [8]. 

Schinas et al. reported that the feedstock having higher oil content reduces the operational costs required for the 
biodiesel production. It was explained with the help of pumpkin seed which had a oil content of 42% to 45% results in 
lower operating costs compared to soybeans and cotton seeds, which had only in the range of 20% and 14%, respectively 

[41] . It was studied that the HodgsoniaMacrocarpa seed oil has a higher oil content of 71.65 wt% compared to other 
materials like cotton seed cake, Forsythia suspense, Xylocarpusmoluccensis, Calotropis gigantean and Jatropha curcas. 
From this, it can be proved that by having higher oil content, the material will have lower acid value. Thus the material 
having low acid value can be processed directly into alkaline transesterification process without any pretreatment process 

[42] . 

Venkanna and Reddy investigated on the treatment of biodiesel produced from Honne oil after the 
transesterification process. After the transesterification process, the lighter top layer which contains esters and some 
portion of unreacted feed oil was mixed with fresh methanol. The esters (biodiesel) mixes thoroughly with methanol. But 
the unreacted feed oil is formed as a separate layer which can be easily separated. Therefore they concluded that the 
product purity can be improved by this method [43]. The research done by Holilah et al. on the biodiesel production from 
Reutealistrisperma, it was reported that for a large ratio of methanol to oil in the transesterification reaction it will take 
longer time for the separation of the biodiesel from the methanol [25]. Methanol the primary solvent used for 
transesterification process is generally considered as non-renewable and is produced from fossil resources. Thus the 
production process can be made more effective by selecting alcohols obtained from bio sources. The authors have used 
alcohols like butanol, propanol, and pentanol for the biodiesel production. It was found that the yield obtained with these 
solvents was promising [44]. 

The authors in the work examined the feasibility of using different feed stocks such as waste frying oil, palm oil, 
and waste fish oil separately and together as a mixture of these feedstocks. It was observed that some of the properties of 
the biodiesel produced were better when the feedstocks were used independently. Also, the other properties were improved 
when the feedstocks were used in combination [45]. Rahman et al. explored the biodiesel production from the green source 
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such as Spirulina maxima algae and it was proved that the feed stock is biodegradable in nature, non-toxic and the 
biodiesel produced stands in par with the biodiesel produced from fossil sources in terms of properties [46]. 

The issue of commercializing biodiesel and the high cost involved in the process was addressed by Atapour and 
Kariminia. The authors have attempted to produce biodiesel from low-cost material like Iranian almond oil which will 
reduce the cost of the process [47]. Lai et al. used rice bran oil for the biodiesel production to solve the problem of using 
expensive feedstock for biodiesel. Thus it will minimize the cost of the transesterification process [48]. The feasibility of 
using non-edible oils over edible oils was described by Atabani et al. The edible oils contain free fatty acids in less 
percentage and therefore the biodiesel yield is higher. But by using the edible oils for biodiesel production leads to 
problems such as food security, deforestation and excessive use of agricultural land. Therefore the above issue was 
discussed by using Pangiumedule oil for biodiesel production [49]. 


Table 1: The Summarization of the Parameters Like the Feed Stock used, 
Type of Transesterification, the Catalyst used, the Operating 
Conditions used and the Percentage Yield 


Sl. 

No 

Feed Stock 

Process 

Technique 

Employed 

Catalyst 

Operating conditions 

% 

Yield 

Ref. 

Ratio of 
Methanol 
to oil 

Ratio of 
Catalyst 
to oil 

Reaction 

Temperature 

Reaction 

Time, 

min 

1 

Pumpkin 
seed oil 

Alkaline 

transesterification 

NaOH 

6:1 

1 wt% 

65°C 

60 

97.5 

[41] 

2 

Dairy scum 
oil 

Alkaline 

transesterification 

Potassium 

hydroxide 

4.5:1 to 

9:1 

0.8 to 1.2 
wt% 

48 to 

62°C 

45 to 

75 

93 

[50] 

3 

Iranian 
almond oil 

Alkaline 

transesterification 

Sodium hydroxide 

5.5:1 to 
12.5:1 

0.5 to 
1.5wt% 

35 to 65°C 

60 

96.27 

[6] 

4 

Chinese 
tallow oil 

Heterogeneous 

transesterification 

Fresh water 
mussel shell 

9:1 to 15:1 

4 to 6 wt% 

70°C 

90 

90 

[35] 

5 

Acom 

Kernel Oil 

Two stage 
transesterification 

Potassium 

hydroxide 

3:1 to 15:1 

0.5 to 2wt% 

30 to 60°C 

10 to 

80 

92 

[51] 

6 

Sea mango 
oil 

homogeneous 

transesterification 

NaOH 

6:1 

mol/mol 

0.1 wt% 

64.7°C 

60 

8.3 




Heterogeneous 

transesterification 

Montmorillonite 

KSF 

10:1 

4 wt% 

150°C 

120 

48.3 





sulfated zirconia 
alumina 

8:1 

5 wt% 

180°C 

180 

83.8 



Palm oil 

homogeneous 

transesterification 

NaOH 

6:1 

mol/mol 

0.1 wt% 

64.7°C 

60 

78.1 




Heterogeneous 

transesterification 

Montmorillonite 

KSF 

10:1 

4 wt% 

150°C 

120 

78.7 





sulfated zirconia 
alumina 

8:1 

5 wt% 

180°C 

180 

82.8 

[33] 

7 

Zanthoxylu 
mbungeanu 
m seed oil 

Acid catalyst 
transesterification 

h 2 so 4 

4:1 to 40:1 

0.5 to 

3.0 wt % 

40 to 65°C 

20-120 





Alkaline catalyst 
transesterification 

KOH 

4:1 to 24:1 

0.5 to 3.0 
wt% 

40 to 60°C 

60-120 

98 

[52] 

8 

P. edule oil 

Two stage 
transesterification 

Potassium 

hydroxide 

6:1 

1 wt% 

60°C 

120 


[49] 

9 

Calophyllu 

minophyllu 

m 

linn oil 

Three stage 

transesterification 

process 

KOH 

4:1,6:1,8:1 
and 

10:1 

0.75- 
1,5wt% of 
oil 

45, 55, 60 and 
65°C 

30 to 150 

89 

[43] 

10 

Palm olein 

Heterogeneous 

catalyst 

waste mud 
crab (Scylla 
serrata) shell as 
catalyst 

0.25 and 
0.75 g/g 

1.6, 8.4 
wt% 

40, 90°C 

150 

98.8 

[53] 

11 

mahua 
(Madhucai 
ndica) oil 

Two step 

transesterification 

process 

KOH 

0.15 to 0.40 

0.7 wt% 

60°C 

30 to 120 

98 

[54] 

12 

mustard oil 

Heterogeneous 

transesterification 

Solid oxide from 

Turbonillastriatula 

shells 

3:1 to 12:1 

1 to 3 wt% 

60 to 70°C 

360 

81 

[34] 
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Table 1: Contd., 

13 

Sapindusm 
ukorossi oil 

Two stage 

transesterification 

process 

Sodium 

methoxide 

4:1 to 12:1 

0.5 to 1.5 
wt% 

65°C 

120 

92.5 

[55] 

14 

M. zapota 
oil 

Two step 
transesterification 

Potasium 

methoxide 

4:1 to 8:1 

0.5 to 1.5 
wt% 

50 to 70°C 

60 to 120 

94.83 

[56] 

15 

seashore 

mallow 

Two stage 

transesterification 

process 

Sodium methoxide 

6:1 

0.5 wt% 

60°C 

60 

94 

[57] 

16 

Refined 
palm oil 

Heterogeneous 

transesterification 

Waste capiz shell 
(Amusiumcristatu 
m) 

8:1 

1 to 5wt% 

60°C 

240 to 

360 

93 

[36] 

17 

soybean oil 

Heterogeneous 

transesterification 

Rice husk ash (Li- 
modified) as 
catalyst 

3:1 to 24:1 

1 to 5wt% 

65°C 

180 

99.5 

[58] 

18 

waste 
cooking oil 

Heterogeneous 

transesterification 

waste mollusk 
shells (Ba doped) 

6:1 to 12:1 

0.5 to 
1.5wt% 

55°C 

60 

98 

[31] 

19 

Refined 

sunflower 

oil 

Heterogeneous 

transesterification 

Gold silver 
nanoparticle 

5:1 

5 wt% 

65°C 

120 

86.9 

[59] 

20 

Refined 
palm oil 

Heterogeneous 
transesterification 
and sonication 

Ostrich egg shell 
derived CaO 
catalyst 

3:1 to 15:1 

3 to 10wt% 

60°C 

60-180 

92.7 

[28] 

21 

waste 
frying oil 

Heterogeneous 

transesterification 

Egg shell derived 
CaO catalyst 

12:1 

5 wt% 

65°C 

60 

90 

[37] 

22 

Norouzak 
seeds oil 

Alkaline 

transesterification 

(sonication) 

Potassium 

hydroxide 

5:1 to 7:1 

1 wt% 

45°C 

9 

97.60 

[60] 

23 

Hodgsonia 
macrocarpa 
seed oil 

Alkaline 

transesterification 

Sodium hydroxide 

4:1 to 12:1 

1 wt% 

50 to 80°C 

120 

95.46 

[42] 

24 

waste fish 
oil 

Two stage 
transesterification 

Sodium hydroxide 

9:1 

0.5 wt% 

60°C 

60 

85.00 



palm oil 

Two stage 
transesterification 

Sodium hydroxide 

9:1 

0.5 wt% 

60°C 

60 

87.1 



waste 
frying oil 

Two stage 
transesterification 

Sodium hydroxide 

9:1 

0.5 wt% 

60°C 

60 

87.6 

[45] 

25 

shea butter 
oil 

Two stage 
transesterification 

Potassium 

hydroxide 

3.5:8.5 

0.6 to 1.6% 

60 to 90°C 

30 to 75 

95.9 

[61] 

26 

Waste fish 
oil 

Two stage 

transesterification 

(sonication) 

Potassium 

hydroxide 

3:1 to 12:1 

0.5 to 2wt% 

40 to 60°C 

30 

79.86 

[62] 

27 

rubber seed 
oil 

Heterogeneous 

transesterification 

S0 3 H-MCM-41 

catalyst 

16:1 

5 to 15wt% 

100 to 140°C 

720 to 
2880 

83.10 

[63] 

28 

Soybean 

oil 

Heterogeneous 

transesterification 

Egg shell derived 
CaO as catalyst 

6:1 to 12:1 

3.5 to 14 
wt% 

25°C 

540 

96 

[38] 

29 

Karanja oil 

Two stage 
transesterification 
(alcohol 1- 
butanol) 

Potassium 

hydroxide 

6:1 to 15:1 

0.5 to 2wt% 

50 to 80°C 

60 to 120 

76.4 



Karanja oil 

Two stage 
transesterification 
(alcohol 1- 
pentanol) 

Potassium 

hydroxide 

6:1 to 15:1 

0.5 to 2wt% 

50 to 80°C 

60 to 120 

73.13 



Karanja oil 

Two stage 
transesterification 
(alcohol 2- 
propanol) 

Potassium 

hydroxide 

6:1 to 15:1 

0.5 to 2wt% 

50 to 80°C 

60 to 120 

56.86 

[44] 

30 

hazelnut oil 

Alkaline 

transesterification 

Potassium 

hydroxide 

6:1 

0.7 wt% 

60°C 

120 

97.5 



sunflower 

oil 

Alkaline 

transesterification 

Potassium 

hydroxide 

6:1 

0.7 wt% 

60°C 

120 

97.3 



Mix. of 
hazelnut 
and 

sunflower 
(1:1 v/v) 

Alkaline 

transesterification 

Potassium 

hydroxide 

6:1 

0.7 wt% 

60°C 

120 

97.9 

[64] 

31 

Soybean 

oil 

Heterogeneous 

transesterification 

sodium zirconate 

15:1 to 30:1 

0.5 to 3 wt% 

45°C 

60 to 120 

96 



Soybean 

oil 

Heterogeneous 

transesterification 

Cesium modified 
sodium zirconate 

15:1 to 30:1 

1 wt% 

45°C 

15 to 30 

98.8 
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Table 1: Contd., 


Jatropha oil 

Heterogeneous 

transesterification 

sodium zirconate 

15:1 to 30:1 

1 to 3wt% 

45°C 

60 to 180 

90.7 



Jatropha oil 

Heterogeneous 

transesterification 

Cesium modified 
sodium zirconate 

15:1 

3wt% 

45 to 85°C 

30 to 120 

90.8 

[65] 

32 

Shea butter 
oil 

Two stage 
transesterification 

Potassium 

hydroxide 

4:1 to 8:1 

1 to 2wt% 

40 to 60°C 

120 

92.16 

[66] 

33 

Palm oil 

Heterogeneous 

transesterification 

Coconut shell 
derived catalyst 

30:1 

6 wt% 

60°C 

360 

88.15 

[39] 

34 

Waste 

vegetable 

Heterogeneous 

transesterification 

Egg shell ash 
derived catalyst 

15:1 to 30:1 

2 to 5wt% 

60 to 70°C 

330 

74.02 

[40] 

35 

Waste fish 
oil 

Two stage 
transesterification 

Potassium 

hydroxide 

6:1 to 12:1 

0.5 to 
1.5wt% 

60°C 

60 to 120 

99.1 

[67] 

36 

Spirulina 
maxima 
algal oil 

Two stage 
transesterification 

Potassium 

hydroxide 

6:1 to 12:1 

0.5 to 
1.5wt% 

45 to 65°C 

60 

86.1 

[46] 

37 

Neem oil 

Heterogeneous 

transesterification 

CaO from waste 
crab shells 
impregnated with 
Na-ZSM-5 

12:1 

15% 

75°C 

360 

95 

[68] 

38 

Palm oil 

Heterogeneous 

transesterification 

Pomacea sp. shell 
derived catalyst 

5:1 to 11:1 

1 to 5wt% 

60°C 

240 

95.61 

[2] 

39 

Neem oil 

Two stage 
transesterification 

Sodium hydroxide 

1.5:1 to 
7.5:1 

0.45 to 
1.45wt% 

45 to 65°C 

45 to 65 

89.69 

[69] 

40 

Oleander 

oil 

Two stage 

transesterification 

(sonication) 

Potassium 

hydroxide 

4:1 

0.75 wt% 

50°C 

15 

97.1 

[14] 

41 

Castor oil 

Alkaline 

transesterification 

Potassium 

hydroxide 

4.5:1 to 
10.5:1 

0.5 to 1.5 
wt% 

35 to 65°C 

40 

92 

[70] 

42 

Reutealistri 
sperma oil 

Two stage 
transesterification 

Sodium hydroxide 

1:1 to 1:3 

0.5 to 2wt% 

30 to 70°C 

60 

95.15 

[25] 

43 

Kesambi 

oil 

Heterogeneous 

transesterfication 

Alumina 
supported zinc 
oxide 

6:1 to 18:1 

1 to 6wt% 

65°C 

420 

92.29 

[4] 

44 

Jatrophacur 
cas oil 

Acidic 

transesterification 

(sonication) 

Chlorosulfonic 

acid 

10:1 to 30:1 

1 to 9wt% 

30 to 60°C 

240 

93 

[8] 


CONCLUSIONS 

The present study investigates the various feedstock materials used for biodiesel production. The edible oil, non- 
edible oil, and waste cooking oils can be used for the preparation of biodiesel by transesterification process. The biodiesel 
produced from edible oils have high yield compared to non-edible oils and waste cooking oils. But this may result in 
problems such as food security when depended more on the edible oils. The paper reviews the catalyst used such as 
alkaline, acidic and homogeneous, the heterogeneous catalyst used for the transesterification process. It also explores the 
different operating conditions such as molar ratio of alcohol to oil, the percentage of catalyst in the feed mixture, operating 
temperature and reaction time. Therefore it can be concluded that the biodiesel yield depends on the type of feedstock, its 
oil content, a composition of free fatty acids and the experimental operating conditions. It was also found that the selection 
of feed -stock is an important factor since the commercialization of biodiesel production plant depends on the type of feed - 
stock selected. 
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